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Abstract 
The paper presents the results of investigation over influence of 0.3% addition of hydroxypropyl methylcellulose (MC) of 40 
and 70 Pa·s viscosity on the hydration process of main clinker phases: C3S and C3A and also their mixture, both in presence and 
absence of gypsum. During the research it has been indicated that methylcellulose inhibits the hydration process of clinker 
phases, analyzed both separately and in their mixture. Moreover, presence of that additive reduces reactivity of calcium 
sulphate dihydrate what leads to formation of decreased amounts of ettringite. No significant differences resulting from 
viscosity of used methylcellulose were observed. 
Investigation over the influence of that admixture on the hydration process of tricalcium aluminate indicated that addition of 
methylcellulose inhibits hydration process of C3A with water. Similar influence of that admixture was observed in the case of 
C3A hydration in presence of gypsum. A lot of gypsum remains in the reaction mixture. Little amounts of ettringite are forming, 
however, there is no monosulphate. Inhibition of sulphate ions reaction with C3A is slightly higher in the case of 
methylcellulose of higher plastic viscosity. Also in the hydration examinations of tricalcium silicate methylcellulose addition 
caused a retardation of alite reaction with water. In first hydration hours of alite with MC addition there were no peaks of 
portlandite in the XRD pattern. In the presence of gypsum the influence of methylcellulose addition on the hydration course 
was significantly weaker. Simultaneously no significant differences related to the influence of different plastic viscosity of 
methylcellulose were observed. Similar course of reactions was observed in the case of hydration of alite and tricalcium 
aluminate mixture in the presence of gypsum and methylcellulose. After one week of hydration significant amounts of 
unreacted gypsum are still remaining. However, little amounts of ettringite are created. 
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1. Introduction 
The influence of cellulose ethers of different plastic viscosity on the hydration of C3S and C3A , i.e. two main 
phases of Portland clinker, was discussed precisely in author’s publications [1,2]. It has to be emphasized that 
methylcellulose addition leads to inhibition of C3A hydration process [1]. Such effect was also observed in the case 
of hydration of C3A with gypsum. A lot of gypsum stays unreacted in the mixture. Little amounts of ettringite are 
formed, while no monosulfate is created. Methylcellulose of higher plastic viscosity retards slightly stronger a 
reaction of sulfate ions with C3A. 
 
The author also indicated that methylcellulose causes retardation of alite reaction with water [2]. Analyzing 
XRD pattern after first hours of alite hydration with MC addition no peaks of portlandite were identified. However, 
the influence of methylcellulose on the hydration course is significantly weaker when gypsum is present. 
Moreover, it should be mentioned that plastic viscosity of methylcellulose does not play a significant role in that 
case. Results of the research are in line with author’s experience concerning hardened cement mortars (adhesives) 
[3,4], in which high amounts of unreacted gypsum were observed. That effect can be explained by formation of 
methylcellulose layer on gypsum crystals. 
 
Gypsum significantly influences on the hydration process of separate Portland clinker phases and as well as on 
the hydration of cement. The subject of gypsum influence on the hydration process has been precisely investigated 
and is already well known [5-7]. There are also many researches concerning influence of organic polymer 
admixtures [1-4, 8]. 
 
Changes in the speed and the amount of evolved heat during alite hydration indicate that the process is started 
rapidly. Five periods of different speed can be distinguished within the reaction. The total amount of evolved heat 
in the first period is low, however, the intensity of heat flux is high. This phenomenon is accompanied by a rapid 
increase of calcium ions concentration in the solution and by formation of two hydrates: C-S-H and CH [9-10]. 
Taking above discussion into consideration, the idea of the investigation over the influence of methylcellulose 
on the hydration of alite and tricalcium aluminate mixture seems to be justified. 
 
Due to the influence of tricalcium aluminate reaction with water on the reaction of alite, as indicated by several 
authors [11-15], it is very important to examine the methylcellulose influence on simultaneous hydration of alite 
and C3A. Regourd indicated that faster reaction of C3A with sulfate ions leads to the acceleration of C3S hydration 
[11]. However, absence of SO42- ions in the solution, synonymous to the presence of aluminate ions, leads to its 
adsorption on alite crystals and hampers its hydration [12]. As a result the hydration of alite is delayed, what is 
confirmed by alteration of the evolution of heat of hardening, as well as low Ca2+ ions concentration in the solution 
(fig. 1). Portlandite detectable in the XRD pattern appears only after five hours of hardening. 
 
In the presence of SO42- ions the hydration of C3S, which leads to high calcium ions concentration in the 
solution, retards the hydration of tricalcium aluminate significantly. In these conditions a layer of poorly 
crystallized ettringite gel on the C3A crystals indicates strong inhibitory influence on further reaction of tricalcium 
aluminate with water. Liquid phase is very quickly saturated by calcium and SO42- ions after mixing of cement 
with water, pH increases and is kept at the level close to 12.5 [16]. Due to above reasons the investigation over 
influence of methylcellulose on the hydration of alite and tricalcium aluminate mixture has been performed. 
 
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Influence of gypsum addition on Ca2+ ions concentration in the solution and formation of new phases during the hydration of cement 
(a) 9% and 2.3% addition of gypsum; (b) without gypsum [12]. 
 
2. Materials and methods 
Three series has been examined within the experiment: two phases without additions, two phases with gypsum 
addition and both these cases with addition of methylcellulose. Methylcellulose with plastic viscosity equal to 40 
and 70 Paˑs was used (further designated as MC-40 and MC-70). 
 
Synthesis methods and XRD patterns of alite and tricalcium aluminate are presented in publications [1,2]. In the 
case of alite sample little amounts of belite were identified [2]. Gypsum from desulfurization of the flue gases 
without any impurities detectable by XRD was used in the study, while methylcellulose, i.e. cellulose ethers did 
not contain any admixtures like starch ethers, polyesters or acrylates. In all experiments distilled water was used. 
 
Six series of mixtures were prepared from listed above materials and the proportions were as follows: 86% of 
alite and 14% of C3A. Such proportions in the mixtures were established based on their average content in several 
industrial cements, which usually is close to 60% of alite and 10% of C3A. The addition of gypsum and 
methylcellulose was also constant, in the case of gypsum equal to 9% of alite mass and 0.3% of methylcellulose of 
the total mass of mixture. Therefore the following mixtures were prepared: 
 
x alite + tricalcium aluminate without additions, 
x alite + tricalcium aluminate + gypsum, 
x alite + tricalcium aluminate + MC-40, 
x alite + tricalcium aluminate + MC-70, 
x alite + tricalcium aluminate + MC-40 + gypsum, 
x alite + tricalcium aluminate + MC-70 + gypsum. 
 
The samples were prepared by initial blending of dry constituents. The mixtures were stored in a sealed PE 
containers. Then the distilled water was added and constant 0.5 water to mixture ratio was kept. The hydration was 
performed at room temperature equal to 22°C +/- 1°. The hydration process was interrupted after 1, 3, 6, 24, 48 
and 168 hours by washing the samples with absolute ethyl alcohol. Afterwards, the samples were dried at 40°C for 
2 hours to accurately evaporate the alcohol. 
 
Qualitative phase composition of samples was determined by X-ray diffraction method. The hydration course of 
mixtures was also examined by microcalorimetry method. 
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3. Results 
3.1. Hydration of alite and tricalcium aluminate mixture 
Alite and tricalcium aluminate were the dominating phases after three hours from the start of the process, while 
the intensity of portlandite characteristic peak was low (fig. 2). Contrary, the peak intensity of portlandite was 
significant after three hours of hydration of alite alone [2]. 
 
 
Fig. 2. XRD pattern of C3S + C3A mixture after 3 hours of hydration: A – alite, B – belite, C – tricalcium aluminate, P – portlandite, 
W – C3A·CaCO3·11H2O. 
 
The hydration process of alite and tricalcium aluminate progresses with time. After 168 hours of hydration high 
intensity peaks of portlandite appear next to the peaks of alite and C3A (fig. 3). 
 
 
Fig. 3. XRD pattern of C3S + C3A mixture after 168 hours of hydration. Designations same as in fig. 2. 
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3.2. Hydration of alite and tricalcium aluminate mixture with MC-40 and MC-70 addition 
Researches [1,2] indicated that addition of methylcellulose hampers the hydration process of alite and tricalcium 
aluminate, when these phases react with water separately. In the case of both phases in the mixture the influence of 
methylcellulose was similar. After three hours of hydration only peaks of alite, belite and tricalcium aluminate 
were identified in the XRD pattern (fig. 4, bottom). Small peaks of portlandite can be found only after around 24 
hours of hydration (fig. 4, top) and the intensity of peaks increases with hydration time. However, after seven days 
from the start of the reaction (fig. 5) the intensity is significantly lower than that of mixture without 
methylcellulose. 
 
 
Fig. 4. XRD pattern of C3S + C3A + MC70 mixture after 3 hours of hydration (bottom) and after 24 hours of hydration (top). 
Designations same as in fig. 2. 
 
 
Fig. 5. XRD pattern of C3S + C3A + MC70 mixture after 168 hours of hydration. Designations same as in fig. 2. 
 
Comparing to MC-70 the addition of methylcellulose of lower plastic viscosity did not change the course of 
hydration significantly. 
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3.3. Hydration of alite and tricalcium aluminate mixture in the presence of gypsum 
Only small peaks of portlandite can be observed in the XRD pattern after three hours of hydration of alite and 
tricalcium aluminate with addition of gypsum (fig. 6). The peaks of portlandite have a relative intensity only after 
around 6 hours of hydration, what is consistent with literature [6]. The XRD analysis, performed after 28 and even 
after 168 hours of hydration (fig. 9, 10), indicated that there were still large amounts of unreacted tricalcium 
aluminate in the samples, what confirms literature concerning the delay hydration of C3A influenced by alite in the 
presence of sulfate ions. 
 
 
Fig. 6. XRD pattern of C3S + C3A + CaSO4x2H2O mixture after 3 hours of hydration: E – ettringite, G – gypsum. 
Other designations same as in fig. 3. 
 
 
Fig. 7. XRD pattern of C3S + C3A + CaSO4x2H2O mixture after 24 hours of hydration. 
Designations same as in fig. 6. 
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Fig. 8. XRD pattern of C3S + C3A + CaSO4x2H2O mixture after 168 hours of hydration. 
Designations same as in fig. 6. 
 
3.4. Hydration of alite and tricalcium aluminate mixture with addition of gypsum and methylcellulose 
There is no evident influence of methylcellulose on the reaction course in early hours of hydration. The XRD 
pattern after 3 hours from the start of the process (fig. 9) does not differ from analogical system without cellulose 
ether (fig. 6). In both cases only small Ca(OH)2 peaks are noticeable. Only after 24 hours of hydration the delay 
effect of methylcellulose addition on the process course become more noticeable, what is revealed by significantly 
lower amounts of formed portlandite comparing to the system without MC-70 addition. Retardation effect of 
methylcellulose decreases with the extension of hydration time (fig. 8 and 11). 
 
 
Fig. 9. XRD pattern of C3S + C3A + CaSO4x2H2O + MC70 mixture after 3 hours of hydration. 
Designations same as in fig. 6. 
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Comparison of XRD patterns presented in fig. 6, 7 and 10 proves that retardation effect of methylcellulose in 
investigated system is strictly related to the presence or absence of gypsum. The XRD pattern of sample without 
gypsum (fig. 6) indicates on the retardation of hydration in the first 24 hours, however, in the C3S + C3A + 
CaSO4x2H2O + MC70 system (fig. 10), despite of the delay role of cellulose ether, which results in formation of 
lower amounts of portlandite than in the case of system without methylcellulose (fig. 7), the increase of Ca(OH)2 is 
noticeable. After one week of hydration large amounts of unreacted gypsum are still remaining, which according to 
the literature [10] hampers the increase of ettringite content. 
 
 
Fig. 10. XRD pattern of C3S + C3A + CaSO4x2H2O + MC70 mixture after 24 hours of hydration. 
Designations same as in fig. 6. 
 
 
Fig. 11. XRD pattern of C3S + C3A + CaSO4x2H2O + MC70 mixture after 168 hours of hydration. 
Designations same as in fig. 6. 
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3.5. Microcalorimetric examinations of alite and C3A mixture with addition of gypsum and methylcellulose 
The course of microcalorimetric curve, representing the speed of heat evolution, is shown in fig. 12. 
 
 
Fig. 12. Speed of heat evolution of investigated mixtures. 
 
Two maximums can be distinguished in the curve of alite and tricalcium aluminate system. The first one, less 
intensive, appears in the early hours of hydration, then is followed by a dormant period of reaction taking place and 
is ended by a rapid increase of evolved heat after around 12 hours of reaction. Second, specific maximum appears 
after 28 hours of reaction. 
 
The addition of CaSO4x2H2O to the mixture of tricalcium silicate and aluminate, according to literature, 
accelerates the heat evolution process. In that case maximum is achieved after around 19.5 hours. However, it 
indicates slightly lower intensity than in the case of system without gypsum. 
 
The addition of MC-70 to the mixture of C3S+C3A caused the extension of the induction period and significant 
decrease of the maximum intensity. The maximum of the speed of heat evolution was observed only after around 
88 hours. Simultaneously, the induction period was extended up to around 40 hours from the start of the reaction, 
what correlates with the results of XRD investigations. 
 
The C3S-C3A-gypsum-MC70 mixture is also characterized by a shift of the maximum towards later hours of 
reaction, however, up to 45 hours, so almost two times earlier than in the case of alone addition of methylcellulose. 
The intensity of maximum is consistent with the maximum for the alone addition of MC-70. Moreover, there are 
practically no differences in the course of calorimetric curves in the case of addition of methylcellulose of lower 
plastic viscosity. 
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3.6. Microstructure examinations of alite and C3A mixture 
The microstructures of chosen mixtures after 168 hours of hydration are presented in fig. 13 and 14. 
 
  
Fig. 13. Microstructure of C3S + C3A + CaSO4x2H2O mixture. Fig. 14. Microstructure of C3S + C3A + CaSO4x2H2O + MC70 mixture. 
 
The microstructure of alite and tricalcium aluminate mixture with gypsum addition is characterized by large 
amounts of swallow-tail type gypsum crystals (fig. 13). The presence of gypsum is consistent with the results of 
XRD investigations (fig. 8), which indicated that there was a lot of unreacted gypsum in the sample after one week 
of hydration. There is also noticeable distinct grain of portlandite, which peak of very high intensity can be found 
in the mentioned XRD pattern. The addition of methylcellulose caused gypsum to be in the shape of big, needle-
like crystals (fig. 14). 
4. Conclusions 
Based on the obtained results the following conclusions can be drawn: 
x The addition of methylcellulose decreases the reaction speed of alite and C3A mixture. 
x There are no evident differences in the influence of methylcellulose of 40 and 70 Paˑs viscosities. 
x C3A accelerates the hydration of alite in the presence of gypsum, both in sample with and without addition of 
cellulose ether. 
x The influence of methylcellulose on the hydration process of alite and tricalcium aluminate mixture is 
significantly lower in the case of samples containing gypsum. 
x The addition of methylcellulose modifies the habit of gypsum crystals. 
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